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Purpose: In this study, we established the inflammatory factor grade system (IFGs) based
on the hepatocellular carcinoma (HCC) microenvironment to investigate the role of inflam-
matory factor grade (IFG) in predicting the prognosis of patients with American Joint
Committee on Cancer (AJCC) stage I-II.

Patients and methods: We enrolled 87 HCC patients with AJCC stage I-II who underwent RO
resection between 2000 and 2012 and had paraffin-embedded specimens. Immunohistochemistry
(IHC) was performed to investigate the expression of 12 inflammatory factors and then to establish
the IFGs (grade A or B) based on the IHC data. Subsequently, Kaplan-Meier and Cox univariate/
multivariate survival analyses were performed to examine the potential prognostic significance.
Results: Higher IFG (IFG-B) is significantly associated with greater tumor size (P=0.037),
and IFG-B predicts a worse disease-free survival (DFS, P<0.001). Moreover, a platelet count
(PLT) <100x10°/L, tumor size >5 cm, poor tumor differentiation, and IFG-B are independent
risk factors for DFS.

Conclusion: Overall, by establishing a grading system for the level of inflammatory factors
in the HCC microenvironment, IFG-B can effectively predict poor DFS in AJCC stage I-1I
HCC patients after RO resection.
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Introduction

Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer mortality
worldwide and the third leading cause of cancer mortality in China."* The treat-
ment for early stage HCC is mainly liver resection, ablation, or liver transplanta-
tion. Although the 5-year survival rate can reach up to 70%, the recurrence rate is
over 80%.> Therefore, early prediction and early intervention in HCC recurrence
are important to improve the overall survival of patients.

In recent years, an increasing number of studies have found that the tumor micro-
environment is one of the key factors underlying the progression of HCC; however, the
mechanism of regulation remains unclear.*® In particular, inflammatory cytokines and
related signaling pathways in the tumor microenvironment have been shown to play
important roles in the occurrence and development of HCC,” as well as in the assessment
of the risk of recurrence after hepatectomy. Moreover, heterogeneity and invasiveness are
important causes of HCC recurrence. Inflammatory factors in the HCC tumor micro-
environment are potentially derived from chronic liver disease and liver damage, which
can cause not only HCC but also high heterogeneity.® Furthermore, inflammatory stimuli
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activate hepatic stellate cells and secrete extracellular matrix
proteins of different compositions and distributions; HCC cells
can bind to these proteins and cross tissue boundaries, making
the cancer more aggressive.”

Based on the 2017 version of the American Joint
Committee on Cancer (AJCC) staging,'® we enrolled 87
HCC patients with stage I-II who underwent RO resection
and had paraffin-embedded specimens. We first used immu-
nohistochemistry (IHC) to detect the expression levels of
common inflammatory factors in these 87 paraffin speci-
mens. Then, we assigned an inflammatory factor grade
(IFG) based on the IHC data and examined its ability to
predict prognosis in HCC patients, especially recurrence.

Materials and Methods

Clinicopathological Information

Between 2000 and 2012, 87 HCC patients with AJCC stage I or
1T underwent RO resection in the Affiliated Hospital of Qingdao
University, comprising 71 males and 16 females with an age
range of 31-83 years and a median age of 56.0 years. The basic
characteristics of the patients are summarized in Table 1.

All patients signed a written informed consent form
before surgery. The inclusion criteria were as follows: (1)
the patient underwent RO resection; (2) the patient was
diagnosed with HCC according to the European Society of
Liver Research radiological standards and postoperative

Table | The Basic Characteristics for the Study Participants

Characteristics All (n=87)
Gender, male/female 71116

Age (y) 55.2+9.7
AFP (ng/L) 275.6+450.6
ALB (g/L) 38.6+4.0
ALT (U/L) 50.6+37.3
AST (U/L) 40.6+32.6
GGT (U/L) 70.1£96.3
PLT (10°/L) 139.9£59.1
TBIL (umol/L) 16.3+6.3
Tumor number, single/multiple 83/4
Tumor size (cm) 3.8+14
Tumor margin (mm) 9.419.6
Differentiation, high and middle/low 66/21
Microvascular invasion, yes/no 15/72
Capsule invasion, yes/no 56/31

HBYV infection, yes/no 78/9

Liver cirrhosis, yes/no 10/77
Child-Pugh grade, A/B 84/3

Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransfer-
ase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; PLT,
platelet; TBIL, total bilirubin; HBV, hepatitis B virus.

pathology; and (3) the HCC was AJCC stage I-IL.'° The
exclusion criteria were as follows: (1) the patient received
anti-cancer treatment before surgery; (2) the patient
experienced serious complications or death within 30
days after surgery; (3) the patient died of a cause unrelated
to cancer; and (4) the patient lacked clinicopathological
data. Pathological differentiation grades were classified
according to the World Health Organization (WHO)
tumor histological classification criteria. Liver function
grading was performed using the Child-Pugh criteria and
the most recent clinical data prior to surgery.

Immunohistochemistry Detection and

Scoring Procedure

Briefly, the 87 HCC paraffin-embedded specimens were cut
into 4-pum thick sections, dewaxed and rehydrated. After anti-
gen extraction with citrate buffer (10 mM, pH 6), endogenous
peroxidase activity was blocked with 3% hydrogen peroxide
for 10 min. Subsequently, the sections were stained overnight
at 4 °C with primary antibodies (anti-human IL-6 (catalog no.
Ab9324; Abcam, Cambridge, MA, USA), IL-6R (catalog no.
Ab128008; Abcam), JAK2 (catalog no. Ab39636; Abcam),
STAT3 (catalog no. Ab119352; Abcam), SOCS3 (catalog no.
ADb53984; Abcam), IL-1a (catalog no. Ab9614; Abcam), IL-
1B (catalog no. Ab9722; Abcam), IL-8 (catalog no.
Ab106350; Abcam), TNF-a (catalog no. Ab6671; Abcam),
NF«B (catalog no. Ab209795; Abcam), IKK (catalog no. 07-
1479; Sigma-Aldrich, St. Louis, MO, USA), or P38MAPK
(catalog no. Ab197348; Abcam). The Max Vision Kit (Fuzhou
Maixin Biotechnology Development Co., Ltd., Fujian, China)
was used to detect the primary antibodies, and the color was
developed using 3,3'-diaminobenzidine chromogen substrate
for 10 min. Then, the sections were counterstained with hema-
toxylin for 1 min. Finally, the tissue sections were dehydrated
in an ethanol gradient, cleared, and scored.

Two pathologists at the Affiliated Hospital of Qingdao
University (Qingdao, China) scored the extent of immunos-
taining based on the staining intensity and percentage of
immune response cells. The staining intensity was graded
as follows: no stain, pale yellow, brownish yellow, and tan
were graded as 0, 1, 2, and 3, respectively. The degree of
immune response was graded as follows: the percentage of
positive cells <5%, 5%~25%, 26%~50%, 51%~74%, >75%
were assigned 0, 1, 2, 3, and 4 points, respectively, and the
two scores were added together. The specimens in the low-
expression group had scores of <4 points, and those in the
high-expression group had scores of >4 points.

submit your manuscript

10624

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhang et al

Patient Follow-Up

Follow-up of all patients meeting the study criteria occurred in
the form of outpatient visits, telephone calls, or letters. Disease-
free survival (DFS) was defined as the date of surgery to the
time of recurrence or the end of follow-up. Overall survival
(OS) time was defined as the date of surgery to death or the end
of follow-up. DFS and OS were calculated on a monthly basis,
and the follow-up deadline was March 2017.

Statistical Analysis

Statistical analysis was performed using SPSS 24.0 and
R software, and Student’s ¢-test was used to compare the mean
values. The classification data were analyzed using Fisher’s
exact test or the y* test. The survival analysis was performed
using the Kaplan-Meier method, and the relationships between
the expression of inflammatory factors and DFS or OS were
compared by the log rank test. Univariate and multivariate
analyses were used to determine the significance of prognostic
factors. The data are presented as the mean + S.D., and P<0.05
(two-tailed) was considered statistically significant.

Results
Establishment of Inflammatory Factor

Score and Grade

The patients were divided into high and low expression groups
according to the immunohistochemical results (Figure 1 A-E).
The Kaplan-Meier survival analysis showed that five inflam-
matory factors, namely, interleukin-6 (IL-6), interleukin-6
receptor (IL-6R), interleukin-1 beta (IL-1p), inhibitor kappa
B kinase beta (IKKP), and p38 mitogen-activated protein
kinase (P38MAPK), were associated with the postoperative

Low °

HCC recurrence (P<0.05, Table 2). The patients with high
levels of expression of IL-6 and IL-6R had poor DFS
(Figure 2A and B, P<0.05); therefore, the patients with low
levels of expression of these two factors were assigned 1 point,
and those with high levels of expression were assigned 2
points. Patients with high levels of IL-1B, IKKp and
P38MAPK expression had good DFS (Figure 2C-E, P<0.05)
and were assigned 1 point, and patients with low expression
levels were assigned 2 points. The scores of the five inflam-
matory factors for each HCC patient were added together, and
the resulting total scores ranged from 5 to 10. Patients with
scores of 5 to 7 were assigned IFG-A, and patients with scores
of 8 to 10 were assigned IFG-B (Table 3).

Clinicopathological Factors Associated
with IFG

Among all clinicopathological factors studied, we found that
IFG was only positively correlated with tumor size (P=0.037,
Table 4); i.e., a higher IFG indicated a larger tumor size.

Relationship Between IFG and HCC

Prognosis

The mean follow-up time was 44.7 £ 24.1 months (4.0-114.5).
The DFS rates of patients at 1-, 3-, and 5- years were 50.6%,
33.3%, and 18.4%, respectively, and the median DFS was 12.9
months (95% CI: 1.7-24.1). The median DFS for the IFG-A
and IFG-B groups were 26.8 months (95% CI: 10.7-42.9) and
7.5 months (95% CI: 4.7-10.4), respectively, and the corre-
sponding 1-, 3-, and 5-year DFS rates were 62.7%, 45.78%,
25.4% and 25.0%, 7.1%, 3.6%, respectively. The DFS of the
IFG-B group was significantly shorter than that of the [FG-A

D E

IL-1B IKKB

Figure | Immunohistochemical analysis of IL-6, IL-6R, IL-18, IKKB, and P38MAPK protein levels in HCC tissue specimens (A) IL-6 expression (%400), (B) IL-6R expression
(%400), (C) IL-1B expression (x400), (D) IKKf expression (x400), (E) P38MAPK expression (x400).
Abbreviations: IL-6, interleukin-6; IL-6R, interleukin-6 receptor; IL-1p, interleukin-1 beta; IKKp, inhibitor kappa B kinase beta; P38MAPK, p38 mitogen-activated protein

kinase; HCC, hepatocellular carcinoma.
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Table 2 The Median DFS Rates of the Low and High Expression Groups of Different Inflammatory Factors

Characteristics Median DFS (95% CI, Months) Log Rank test P
Low High

IL-6 35.0 (0.0-90.4) 10.2 (7.4-13.0) 7.396 0.007*
IL-6R 23.3 (9.0-37.6) 10.2 (6.0-14.5) 4.790 0.029%
JAK2 11.6 (5.7-17.5) 29.5 (0.0-64.8) 0.994 0.319
STAT3 12.9 (5.2-20.7) 10.8 (0.0-32.4) 1.055 0.304
SOCS3 11.7 (1.8-21.6) 12.9 (0.0-30.3) 0.284 0.594
IL-la 12.9 (0.0-29.0) 1.9 (3.3-20.5) 0.045 0.832
IL-1B 9.3 (7.0-11.6) 23.3 (9.7-36.9) 6.099 0.014*
IL-8 21.5 (7.8-35.2) 10.5 (8.1-12.9) 0.461 0.497
TNF-a 9.3 (6.8-11.8) 23.3 (6.9-39.7) 2.113 0.146
NF«B 9.3 (5.1-13.5) 18.1 (0.0-37.5) 1.877 0.171
IKKB 10.2 (6.2-14.2) 23.3 (0.049.7) 4289 0.038%
P38MAPK 7.1 (6.5-7.7) 23.3 (16.6-30.0) 8.639 0.003*

Note: *Statistically significant.

Abbreviations: DFS, disease-free survival; Cl, confidence interval; IL-6, interleukin-6; IL-6R, interleukin-6 receptor; JAK2, janus kinase 2; STAT3, signal transducer and
activator of transcription 3; SOCS3, Suppressor of cytokine signaling 3; IL-la, interleukin-1 alpha; IL-1p, interleukin-| beta; IL-8, interleukin-8; TNF-a, tumor necrosis factor-
alpha; NFkB, nuclear factor kappa-light-chain-enhancer of activated B cells; IKKp, inhibitor kappa B kinase beta; P38MAPK, p38 mitogen-activated protein kinase.

group, and the difference between the two groups was statis-
tically significant (P<0.001, Figure 3A).

The 1-, 3-, and 5-year OS rates were 90.8%, 64.4%, and
29.9%, respectively, and the median OS was 67.3 months
(95% CI: 34.4-100.2). The median OS rates of the IFG-A
and IFG-B groups were 67.3 months (95% CI: 32.4-102.2)
and 40.6 months (95% CI: 24.4-56.8), respectively, and the
corresponding 1-, 3-, and S5-year OS rates were 89.8%,
64.4%, 33.9% and 92.9%, 64.3%, 21.4%, respectively.
There were no significant differences between the IFG-A
and IFG-B groups in terms of OS (P=0.2, Figure 3B).

Univariate and Multivariate Analyses of DFS
Univariate analysis showed that the aspartate aminotransferase
(AST) level, platelet (PLT) count, tumor number, tumor size,
tumor differentiation, and IFG were associated with DFS, and
the differences were statistically significant (P<0.05, Table 5).
Multivariate Cox regression analysis was performed with the
statistically significant factors identified by univariate analysis.
The results showed that PLT <100x10°/L (HR: 0.522, 95% CI:
0.299-0.909, P=0.022), tumor size >5 cm (HR: 2.362, 95%
CI: 1.317-4.236, P=0.004), poor tumor differentiation (HR:
1.966, 95% CI: 1.105-3.498, P=0.022), and IFG-B (HR:
2.535, 95% CI: 1.468-4.378, P=0.001) are independent risk
factors for DFS (Table 5).

Univariate and Multivariate Analyses of OS
Univariate analysis showed that AST level, PLT count, and
differentiation degree were associated with OS, and the

differences were statistically significant (P<0.05, Table 6).
Multivariate Cox regression analysis was performed with
these factors that were significant in the univariate analy-
sis, with the results showing that AST >42 U/L (HR:
1.933, 95% CI: 1.031-3.623, P=0.040) and poor tumor
differentiation (HR: 2.402, 95% CI. 1.268-4.500,
P=0.007) were independent risk factors for OS (Table 6).

Discussion

In this study, we used 87 patients with AJCC stage I-II
HCC who underwent RO resection to study the correlation
of IFG with survival parameters and prognosis. We
detected the expression of 12 common inflammatory fac-
tors and established a grading system (designated the
IFGs) based on the expression of the five factors signifi-
cantly correlated with recurrence. We found that IFG is
positively associated with tumor size and that patients with
higher IFG (IFG-B) levels had worse DFS. Moreover, PLT
<100x10°/L, tumor size >5 cm, poor tumor differentiation
level, and IFG-B are independent risk factors for DFS after
HCC resection, and importantly, the IFG has the strongest
association with DFS.

The clinical grading systems for HCC prognosis include
Barcelona clinic liver cancer (BCLC) staging,'' Okuda
staging,'* tumor-node-metastasis (TNM) staging,'* and albu-
min-bilirubin (ALBI) grading,'* and they consider factors such
as tumor size, number of lesions, vascular invasion, extrahe-
patic metastases, and common clinical and pathological factors
such as Child-Pugh classification. However, none of these
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Figure 2 Kaplan-Meier survival plots comparing DFS for HCC patients stratified by low and high expression levels. (A) The DFS of patients with high IL-6 expression levels
was worse than that of patients with low IL-6 expression levels (P=0.0065). (B) The DFS of patients with high IL-6R expression levels was worse than that of patients with
low IL-6R expression levels (P=0.029). (C) The DFS of patients with high IL- 1 expression levels was better than that of patients with low IL- I expression levels (P=0.014).
(D) The DFS of patients with high IKKB expression levels was better than that of patients with low IKKB expression levels (P=0.038). (E) The DFS of patients with high
P38MAPK expression levels was better than that of patients with low P38MAPK expression levels (P=0.0033).
Abbreviations: DFS, disease-free survival; HCC, hepatocellular carcinoma; IL-6, interleukin-6; IL-6R, interleukin-6 receptor; IL-1p, interleukin-1 beta; IKKB, inhibitor kappa
B kinase beta; P38MAPK, p38 mitogen-activated protein kinase.

grading systems take into account the inflammatory status of
the tumor microenvironment.

Of the 12 inflammatory factors screened, we further studied
the five factors that were associated with recurrence after RO
resection in AJCC stage I-II HCC patients. Although many
studies have reported the involvement of these inflammatory
factors in cancer, no study has examined the relationship
between the expression levels of these inflammatory factors in

tumor tissues and patient prognosis. Studies have shown that
high levels of IL-6 in peripheral blood are closely related to
a poor prognosis in HCC patients; the higher the IL-6 level is, the
worse the prognosis.'”> !’ In addition, in multiple myeloma
patients, higher IL-6R values correlate with poorer disease
outcomes.'® Our study found that patients with high expression
levels of IL-6 or IL-6R in the HCC microenvironment had
significantly shorter postoperative recurrence times (Figure 2A
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Table 3 The Assignment of IHC Scores and Establishment of IFG

Characteristics Assignment Score IFG
Low High

IL-6 | 2 5,67

IL-6R | 2 89,10 B

IL-1B 2 [

IKKB 2 [

P38MAPK 2 |

Abbreviations: IHC, immunohistochemistry; IFG, inflammatory factor grade; IL-6,
interleukin-6; IL-6R, interleukin-6 receptor; IL-1B, interleukin-1 beta; IKKp, inhibi-
tor kappa B kinase beta; P38MAPK, p38 mitogen-activated protein kinase.

and B, P<0.05), which is consistent with the findings previously
reported in the literature. Okamoto et al studied the relationship
between IL-1B and matrix metalloproteinase (MMP)-3 gene
polymorphisms and hepatitis C virus (HCV)-related HCC prog-
nosis and found that the simultaneous presence of the IL-13-31T
allele and MMP-3-5A allele is a risk factor for poor prognosis.'”
At present, there are no reports on IL-1 expression and HCC
prognosis, but we found that DFS was significantly prolonged in
patients with high levels of IL-1P expression in tumor tissues
(Figure 2C, P=0.014). Jiang et al found that the level of tumor
apoptosis was elevated in IKKa- and IKKB-knockout HCC
models, and lung metastasis and the growth of subcutaneous
xenografts in mice were significantly inhibited.?> However, He
et al reported that IKKP inhibits chemically induced HCC by

inhibiting hepatocyte death and compensatory proliferation.?'
Our study found that high IKKf expression significantly pro-
longs DFS (Figure 2D, P=0.038). The P38MAPK signaling
pathway is an important component of the MAPK cascade and
performs different biological functions by mediating signal
transduction.”* P38MAPK and extracellular regulated protein
kinases (ERKs) are closely related to HCC invasion, migration,
and apoptosis.> %> Our study found that DFS was significantly
prolonged in the P38MAPK high expression group and that
P38MAPK may play a role as a tumor suppressor gene
(Figure 2E, P=0.0033).

In the process of assigning IHC scores for the inflammatory
factors studied, we assigned 2 points for the high expression of
factors that promote recurrence and 2 points for the low expres-
sion of factors that inhibit recurrence to integrate the expression
trends of several inflammatory factors. Malaguarnera et al
reported that higher levels of IL-6 were associated with tumor
size and cancer aggressiveness in patients with HCC,?® and we
found that IFG was positively correlated with tumor size, which
is consistent with the reports in the literature. At the same time,
we conducted long-term follow-up of all patients for more than 5
years (4.0-114.5 months). We revealed that the median DFS of
the IFG-A group was significantly higher than that of the IFG-B
group (Figure 3A, P<0.001). However, there was no significant
difference in median OS between the IFG-A and IFG-B groups

Table 4 Basic Characteristics of the Study Participants in the IFG-A and IFG-B Groups

Characteristics IFG-A (n=59) IFG-B (n=28) TI)(2 Test P
Gender, male/female 45/14 26/2 3.480 0.062
Age(y) 55.5+9.4 54.8+10.4 0.318 0.752
AFP (ng/L) 297.7+463.1 228.9+427.5 0.663 0.509
ALB (g/L) 38.8+4.2 38.1£3.6 0.767 0.445
ALT (U/L) 46.8+35.9 58.5£39.7 —-1.323 0.192
AST (U/L) 37.5+30.8 47.3+35.9 —1.316 0.192
GGT (U/L) 69.8+105.4 70.9+75.1 —0.052 0.958
PLT (10°/L) 137.4+62.3 145.3+£52.3 —0.585 0.560
TBIL (umol/L) 17.0+6.5 14.8+5.6 1.525 0.131
Tumor number, single/multiple 58/1 25/3 1.766 0.184
Tumor size(cm) 3511 4319 —2.168 0.037%
Tumor margin(mm) 10.4+8.9 7.4£10.7 1.382 0.171
Differentiation, high and middle/low 48/11 18/10 3.022 0.082
Microvascular invasion, yes/no 10/49 5/23 0.000 1.000
Capsule invasion, yes/no 36/23 20/8 0.897 0.343
HBYV infection, yes/no 53/6 25/3 0.000 1.000
Liver cirrhosis, yes/no 9/50 1127 1.529 0.216
Child-Pugh grade, A/B 57/2 27/1 - 1.000

Note: *Statistically significant.

Abbreviations: IFG, inflammatory factor grade; AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-

glutamyl transpeptidase; PLT, platelet; TBIL, total bilirubin; HBV, hepatitis B virus.
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Figure 3 Kaplan-Meier survival plots comparing DFS and OS for HCC patients stratified into IFG-A and IFG-B groups. (A) The DFS of patients in the IFG-B group was
worse than that of patients in the IFG-A group (P<0.001). (B) The OS of patients in the IFG-B group was not significantly different from that in the IFG-A group (P=0.2).
Abbreviations: DFS, disease-free survival; OS, overall survival; IFG, inflammatory factor grade.

(Figure 3B, P=0.2), which may be due to recurrence patterns
between groups, treatment after relapse, and tumor size. These
factors may affect the OS after recurrence in HCC patients.*’
In addition, the multivariate analysis revealed that PLT
<100x10°/L (HR: 0.522, 95% CI: 0.299-0.909, P=0.022) is
an independent risk factor for postoperative recurrence in
patients with AJCC stage I-II HCC, which is consistent with
the findings of Amano et al*® and Kaneko et al*’ The results of
this study showed that tumor size >5 cm (HR: 2.362, 95% CI:
1.317-4.236, P=0.004) was an independent risk factor for
postoperative recurrence, which may be related to tumor com-
pression, the infiltration of surrounding tissue vessels, and the
increased risk of vascular invasion.”® When the degree of
tumor differentiation is lower, tumor invasiveness is enhanced,
and the tumor is more prone to recurrence and metastasis.
Hubert et al found that pathological grade is an independent
risk factor for the OS and DFS rates after liver cancer
resection.’’ We also found that tumor differentiation is an
independent risk factor for DFS (HR: 1.966, 95% CI: 1.105—
3.498, P=0.022) and OS (HR: 2.402, 95% CI: 1.268-4.500,

P=0.007) in HCC patients after RO resection. IFG-B (HR:
2.535,95% CI: 1.468-4.378, P=0.001) is also an independent
risk factor for DFS. Importantly, by comparing HR values, we
found that IFG had the strongest association with DFS, indi-
cating that IFG is a promising predictor of recurrence in HCC
patients after RO resection.

Conclusions

This study established IFGs in HCC patients with AJCC
stage I-II and demonstrated that IFG-B can predict poor
DFS after RO resection in HCC patients. Therefore, IFG-B
HCC patients with AJCC stage I-II require more frequent
follow-up observations to prevent HCC recurrence,
thereby improving the long-term survival of HCC patients.
However, our study had some limitations. First, our results
have a certain scope of application and cannot be general-
ized to other populations. Second, the number of samples
included in this study is limited; our conclusions must be
validated through larger multicenter and prospective stu-
dies in the future.
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Table 5 Univariate and Multivariate Analyses of Disease-Free Survival
Variable Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value

Gender; male/female 0.647 (0.329-1.272) 0.206

Age (y, <50 vs 250) 1.138 (0.659—1.963) 0.643

AFP (ng/L, <400 vs.>400) 1.276 (0.724 —2.249) 0.399

ALB (g/L, <35 vs.>35) 0.748 (0.341-1.642) 0.470

ALT (U/L, <60 vs.>60) 1.763 (0.971-3.201) 0.062

AST (U/L, <42 vs.>42) 1.968 (1.152-3.362) 0.013?

GGT (U/L, <60 vs.>60) 1.199 (0.710-2.023) 0.497

PLT (10°/L, <100 vs.>100) 0.552 (0.319-0.955) 0.034° 0.522 (0.299-0.909) 0.022°
TBIL (umol/L, £22 vs.>22) 1.742 (0.885-3.428) 0.108

Tumor number, single/multiple 2.786 (1.003-7.738) 0.049°

Tumor size (cm, <5 vs 25) 2.278 (1.297-4.002) 0.004° 2.362 (1.317-4.236) 0.004°
Tumor margin (cm, <2 vs 22) 0.464 (0.185-1.159) 0.100

Differentiation, high and middle/low 1.951 (1.117-3.410) 0.019° 1.966 (1.105-3.498) 0.022°
Microvascular invasion, yes/no 1.732 (0.941-3.190) 0.078

Capsule invasion, yes/no 1.137 (0.678-1.907) 0.625

HBYV infection I.101 (0.474-2.557) 0.823

Liver cirrhosis, yes/no 1.134 (0.540-2.381) 0.739

Child-Pugh grade, A/B 1.363 (0.333-5.586) 0.667

IFG, A/B 2.677 (1.586—4.521) <0.001* 2.535 (1.468-4.378) 0.001*

Note: *Statistically significant.

Abbreviations: HR, hazard ratio; Cl, confidence interval; AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT,

gamma-glutamy! transpeptidase; PLT, platelet; TBIL, total bilirubin; HBV, hepatitis B virus; IFG, inflammatory factor grade.

Table 6 Univariate and Multivariate Analyses of Overall Survival

Variable Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value
Gender; male/female 0.718 (0.303-1.701) 0.451
Age (y, <50 vs 250) 1.106 (0.575-2.130) 0.762
AFP (ng/L, <400 vs.>400) 1.030 (0.505-2.098) 0.936
ALB (g/L, <35 vs.>35) 0.627 (0.223-1.763) 0.376
ALT (U/L, <60 vs.>60) 1.318 (0.649-2.678) 0.445
AST (U/L, <42 vs.>42) 2.032 (1.092-3.782) 0.025% 1.933 (1.031-3.623) 0.040%
GGT (U/L, <60 vs.>60) 1.596 (0.864-2.946) 0.135
PLT (10°/L, <100 vs.>100) 0.484 (0.254-0.920) 0.027*
TBIL (umol/L, £22 vs.>22) 1.562 (0.690-3.538) 0.285
Tumor number, single/multiple 2.070 (0.636-6.741) 0.227
Tumor size (cm, <5 vs.>5) 1.640 (0.824-3.264) 0.159
Tumor margin (cm, <2 vs 22) 0.293 (0.071-1.213) 0.090
Differentiation, high and middle/low 2.448 (1.298-4.616) 0.006* 2.402 (1.268—4.500) 0.007*
Microvascular invasion, yes/no 1.770 (0.846-3.703) 0.129
Capsule invasion, yes/no 0.830 (0.450-1.532) 0.551
HBYV infection 2.302 (0.964-5.494) 0.060
Liver cirrhosis, yes/no 1.773 (0.744-4.225) 0.196
Child-Pugh grade, A/B 1.394 (0.191-10.148) 0.743
IFG, A/B 1.489 (0.810-2.736) 0.200

Note: *Statistically significant.

Abbreviations: HR, hazard ratio; Cl, confidence interval; AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT,

gamma-glutamyl transpeptidase; PLT, platelet; TBIL, total bilirubin; HBV, hepatitis B virus; IFG, inflammatory factor grade.
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